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1. Introduction 
Turning over processes are very prominent in bac- 
teria during starvation periods. Degradation of stable 
RNA was shown to take place when bacteria were 
starved for various essential metabolites [l-3] . How- 
ever, little is known about the enzymes that participate 
in these reactions. 
Here we report on a mutant strain of Escherichia 
culi altered in its ribonuclease II activity [4-61 , that 
upon starvation degrades its stable RNA to a larger 
extent than does its parental strain. Therefore the 
enzyme ribonuclease II [7,8] is most likely an en- 
zyme that participates in degradation of stable RNA 
during starvation. 
2. Results 
Strain N4752 was isolated as a mutant unable to 
recover from a 72 hr starvation at 42” on an agar plate 
[9] . Since the strain is also unable to grow at 42” [4] 
and exhibits a remarkable increase in RNase activity 
when grown at the nonpermissive temperature [4--61, 
we studied certain of its characteristics with respect to 
starvation at 42”. When this strain is starved in a medi- 
um devoid of a carbon source, its viability drops con- 
tinuously and exponentially, while the viability of the 
parental strain (112-130) remains almost unaffected 
(fig. 1). (Here we show only data for the first 12 hr of 
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starvation, since most of the biochemical analysis was 
carried out only during this period.) 
When in an experiment similar to that shown in 
fig. 1, the stable RNA was first labelled during ex- 
ponential growth and then its degradation was followed 
during starvation (fig. 2), it became evident that at 
42” stable RNA was degraded to a larger extent in the 
mutant strain than stable RNA of the parental strain. 
To ensure that these results were not due to disinte- 
gration of cells, cultures were monitored during the 
starvation period and not more than 5% cell losses 
could be detected. To find out the fate of the ribo- 
somes, rRNA and tRNA in these cultures, extracts 
and RNA were prepared from the starved cells and 
analyzed on either low M$’ ( 10e4 M) sucrose gradi- 
ents (extracts) or polyacrylamide gels (RNA). The re- 
sults of some of these experiments (sucrose gradients) 
are summarized in table 1. Analyses were carried out 
0,8 and 12 hr after starvation, since in both strains 
the total insoluble material remained constant between 
12 and 24 hr after starvation and the tendency to level 
off in the parental strain (112- 130) was already evi- 
dent after 8 hr (see fig. 2). 
The analysis on sucrose gradients revealed that at 
least the 50 S peak became virtually nonexistent in 
cell extracts of strain N4752 starved for 8 hr, while 
about 10% of the 50 S peak remained intact in the 
parental strain after 8 hr of starvation. (Since sedi- 
mentation of 50 S and 30 S degradation product oc- 
curs in a variety of positions across the gradient, only 
estimates of the 50 S region are reliable in such exper- 
iments.) 
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Fig. 1. Viability after starvation. Cultures of strains 112- 130 
and N4752 (both require L-cysteine and L-leucine) were 
grown in 0.2% glycerol minimal medium [4], to an Aseo of 
about 0.3, centrifuged at 9,000 g at room temp, and resus- 
pended in basal medium (the same medium devoid of any 
carbon source or amino acids). The cells were recentrifuged 
and resuspended in basal medium, in a similar volume to that 
they were growing in. Samples were withdrawn diluted and 
plated on nutrient broth agar plates [4] that were incubated 
at 30° and inspected after 48 hr. The 1.0 value represents 
2-3 x lo8 colony forming units per ml. 
The analysis of RNA on polyacrylamide gels re- 
vealed clearly 2 features of starvation. The first is that 
there are very little intermediate degradation products. 
Less than 4% of the total RNA was found to migrate 
between 23 S to 16 S and 16 S to 4 S. This was true 
for both strains throughout the starvation. The second 
feature was the difference in the ratios of the various 
RNA molecules in both strains. In strain 112-130 the 
ratio of 23 S to 16 to 4 S was almost constant through- 
out the starvation, while in the mutant strain (N4752) 
the ratio of 23 S and 16 S to 4 S decreased progres- 
sively to about one tenth of the original value by the 
end of a 12 hr starvation period. No quantitation of the 
analysis of the RNA on polyacrylamide gels was at- 
tempted, since the opening of the cells and the ex- 
tractions resulted in too many losses. 
3. Discussion 
The experiments presented in this paper show clear- 
ly that in the mutant N4752 degradation of stable 
RNA during starvation is much more extensive than 
that in the parental strain 112-130. Since the differ- 
ence between the 2 strains with regard to degradation 
of stable RNA during starvation is related to the sts 
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Fig. 2. Degradation of stable RNA during starvation. Cultures 
were grown as described in legend to fig. 1. 5 PCi of 5-3H- 
uracil(20.5 Ci/mmole) were added to each ml of the culture. 
The label was present at least during 3 doublings of the cul- 
ture. After the cells were washed and resuspended in starva- 
tion medium (see legend to fig. 1) 0.2 ml samples were with- 
drawn at the indicated time intervals and the RNA was pre- 
cipitated by addition of 3-4 ml of cold 5% trichloroacetic 
acid. Samples were filtered on glass fiber filters, and the fil- 
ters were dried and their radioactivity counted in a tricarb 
scintillation counter. 100% corresponds to 130,000 DPM for 
112-130, and 90,000 DPM for N4752. The values obtained 
in 2 different experiments are presented. 
4752 mutation [4] and since this mutation is most 
likely responsible for a structural modification in the 
ribonuclease II enzyme [4-6, and Gorelic and Apirion, 
in preparation] , we conclude that ribonuclease II par- 
ticipates in degradation of stable RNA during starva- 
tion. 
The participation of RNase II in degradation of 
stable RNA was already indicated by the studies of 
Maruyama and Mizuno [lo] , who found that in an 
E. coli strain the level of 5’-mononucleotides in the 
nucleotide pool increased during starvation; 5’-mono- 
nucleotides are the products of degradation of this 
enzyme. That an enzyme like RNase II participates in 
degradation of stable RNA during starvation is further 
supported by the fact that relatively little intermediate 
RNA molecules were found in the starved cells, since 
this enzyme degrades RNA molecules progressively [ 111. 
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Table 1 
Distribution of RNA during starvation. 
Strain Time of Total RNA SOS 30s 4s 
starvation in cells (%) (%) (%) 
(hr) (%) 
0 100 44 23 19 
112-130 8 56 4.5 9 13 
12 48 2.2 6 11 
0 100 45 22 18 
N4752 8 34 0.4 8 8 
12 19 0.2 3 4 
Cells from both strains were grown and labelled with 3H-uracil 
as described in fig. 2. Samples were withdrawn at the indicated 
times. Cells were opened by alumina grinding and the super- 
natants from a 10,000 g centrifugation were dialyzed against 
a Tris-HCl buffer that contained 0.1 mM magnesium acetate 
and was centrifuged in a sucrose gradient in the same buffer. 
Total RNA in cells was determined in aliquots taken from the 
samples that were analyzed in the sucrose gradients as described 
in fig. 2. The amount of material in 50 S, 30 S and 4 S represent 
the fraction of radioactivity sediment& in these regions as 
compared to all of the gradient, multiplied by the percentage 
of the total RNA in the sample as compared to zero starvation 
time. 36 to 37 fractions were collected from each gradient and 
only the values from 4 fractions were totaled for the calcula- 
tions of each of the peaks. 
The participation of a pre-existing ribonuclease in a 
starvation degradation process is in accord with the 
finding of Goldberg [ 121 that preexisting protease 
participates in protein degradation during starvation of 
E. colt The teleological arguments for having preex- 
isting enzymes participate in essential processes during 
starvation when metabolic activities should be kept to 
a minimum are obvious, and clearly degradation of one 
molecule to completion before starting degradation of 
the other could be of great selective advantage to a 
starving cell. 
The experiments reported here with strain N4752 
together with those presented earlier [4,5] show that 
the same lesion changed mRNA as well as stable RNA 
degradation, and therefore they imply that a similar 
mechanism is responsible for degradation of all RNA 
species in E. coli. If degradation of stable RNA during 
starvation is an essential function for survival (a gener- 
ally accepted, even though unproven assumption), 
these experiments raise the possibility that perhaps the 
instability of mRNA is a by-product for the necessity 
of providing the cell with a mechanism to degrade its 
stable RNA. Obviously both processes could be bene- 
ficial and could be evolved simultaneously. 
Some of the results and ideas presented here were 
presented during the 62nd Annual Meeting of the 
American Society of Biological Chemists [ 131 . 
Acknowledgement 
This investigation was supported by NSF grant no. 
GB-17888 and ACS grant no. E-644. 
References 
[l] J. Mandelstam and H. Halvorson, Biochim. Biophys. 
Acta 40 (1960) 43. 
[2] F. Ben-Hamida nd D. Schlessinger, Biochim. Biophys. 
Acta 119 (1965) 183. 
[3] D. Kennell and A. Kotoulas, J. Bacterial. 93 (1967) 334. 
[4] E.T. Lennette and D. Apirion, J. Bacterial. 108 (1971) 
1322. 
[5] E.T. Lennette, L. Gorelic and D. Apirion, Proc. Natl. 
Acad. Sci. U.S. 68 (1971) 3140. 
[6] L. Gorelic and D. Apirion, Biochem. Biophys. Res. 
Commun. 44 (197 1) 1184. 
[7] M.F. Singer and F. Tolbert, Biochemistry 4 (1965) 1319. 
[8] P.F. Spahr, J. Biol. Chem. 239 (1964) 3716. 
[9] D. Apirion, S.L. Phillips and D. Schlessinger, Cold Spring 
Harbor Symp. Quant. Biol. 34 (1969) 117. 
[lo] H. Maruyama and D. Mizuno, Biochim. Biophys. Acta 
199 (1970) 159. 
[ 111 N.G. Nossal and M. Singer, J. Biol. Chem. 243 (1968) 
913. 
[ 121 A.L. Goldberg, Nature 234 (197 1) 5 1. 
[ 131 E.T. Lennette, L. Gorelic and D. Apirion, Federation 
Proc. 30 (1971) 1162. 
288 
